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ABSTRACT 


The excitation curves for the emission of neutrcns and gamma 
rays from the disintegration by rrotons of the cr 1n 62$ enriched XON 
were investigated. The threshold for neutron enission was observed at 
3.25, Mev + 1% and a resonence was obtained at 11.04 Mev + 1% with a 
width et half resonance of 45 + 20 Kev. Definite indications of a sec- 
ond resonance weresobtained at 11.21 Mev + 3%. ‘The neutrons from ci? 
were shown to come from the EERS. reaction. No resonancer were 
obtained for gamma ray emission from 03, 

The threshold of tho excitation curve of a thick, pure car- 
don target was obtained at 3.26 Mev + 1%. There was no activity of 
any kind induced in tantalum with protons of energies up to 3.96 Mev + 
1$. Potassium metal and unenriched KCN gave no evidence of any reac- 


tion to protons. 
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CHAPTER I 
INTRODUCTION 


Crane and Lauritsen observed neutrons from the bombardment 
of ordinary carbon with deuterons in 1935 (Cr 35), and since then 
considerable information has been amassed regarding the levels of 
14,* 


(y from the reaction, 


12 


Cc" + — (1) > ytd +n + % e 


In 1936, Bonner and Erubaker reported a Q, value of -0.37 Mev for 
this reaction (Bon 37), subsecuently recalculated by Bonner as 
-0.25 * 0.03 Mev (Bon 38). In 1947, Bennett and Richards found the 
threshold Q, = -0.27 + 0.02 Mev (Ben 47). 

Bonner and Hudspeth, at the Rice Institute, discovered 
resonances for neutron emission at 0.92, 1.13, and 1.30 Mev (Bon 40a). 
The Rice group, in later investigations, corrected and amplified this 
information, giving resonances for neutron emission from rela? at 
0.92, 1.16, 1.30, 1.74, and 1.82 Mev (Bon 40d), (Ben 41). Bailey, 
Phillips, and Williams verified these levels (Bai 42). The informa- 
tion regarding these excited levels has been summarized by Hornyak 
and Lauritsen (Ho 48). Bailey et al., in a more recent investigation, 
were unable to confirm the existence of the resonance at 1.15 Mev 


(Bai hg). 


The level values given by Hornyak and Lauritsen were re- 
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calculated using the new value for the mass of the neutron - 1.00898 amu 
(Ev 48), the Cornell University group mass values (Cor 47), and Bonner's 
values for the deuteron energies for resonances for neutron emission of 
0.92, 1.16, and 1.30 Mev, giving reih? levels at 11.05, 11.24, and 
11.35 Mev. Since the level values of 11.05, 11.25, and 11.37 Mev given 
in Hornyar!s and Lauritsen's summsry were average values, tho latter 
values were used for comparison purposes, 

It is generzliy accepted thst the energy levels of ə nucleus 
are the same, regardless of the process by which the nuclide is formed, 
provided selection rules do not prohibit transitions to such levels 
(Br 36), (Bet 37), (Bet 47). 

Early investigations of another reaction yielding the same 


compound nucleus, 


rd en + à, s 


were confined to moasurement of the threshold Qe value reported as 
-2.97 + 0,03 Mev by Haxby et al. (Hax l0a,b). In 1950, Richards and 
Smith reported the threshold as 3.236 Mev + 0.1% (Ri 50), using the 
Herb evaluation of the L1! (p, n) 3e! threshold of 1.8E2 Mev + 0.14 as a 
standard (He 49). ‘The corrected threshold value gave 4, = -2.987 + 
0.1%. 

The recent installation of a positive-ion source in the 1-5 
Mev Rockefeller Generator has made possible the extension of nuclear 
studies to higher voltages than have been possible with most electro 
static machines. At the suggestion, snd with the assistance, of 
Professor W.W. Buechner, the el äis, nigl/ reaction has been studied. 
Information regarding the energy levels of (x1 ^ opto inea from the 
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el Ate, aigi/ reaction allows a direct comparison with the levels of 
e 
(x25) from the 2° (a,n)m? reaction. 


The companion gamna ray reaction, 


al 4 (alt a Y a 


with a % value of 7.56 Kev (Ho US), vas also studied to obtain ad- 
ditional information regarding tlıe levels of ah, Previous experi- 
mentation had shown that a resonance level for cuma ray emission oc 
curred at a proton energy of 554.0 + 2 Kev (Ro 33), (Cu 39), (Fo 49). 
Van Patter recently diecovered another level for the same reaction 
with a proton energy of 1.697 + 0.012 Mev (Va 49}. 

Calibration cf the generator was required to give an accurate- 
ly known proton energy. Enriched carbon was obtained in the form of 
potassium cyanide (KCN, 50-02% 015), Tantalum, potassium, and unenriched 
ACH were also studied in order to ascertain the extraneous effects, if 
any, introduced by nuclides other than 023; To corroborate the reaction, 
the pro@uetion of yt? CT ie = 9.93 + 0.03 min. (va 39)) was observed by 


means of the annihilation radiation which accompanies its positron decay. 
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CHAPTER II 


APPARATUS 


e Detecting Circuit 


The detocting equipment vas capablo of determining both 
neutron and gamma ray ylelde, singly and combined in simple and de- 
layed coincidence measurements. 

A small, cathode-follower preamplifier (Fig. Awl) was com 
structed in order that the output signal from the enriched =, pro- 
portional counter could be transmitted a considerable distance along 
the del@iline, without distortion and with a minimum of attenuation 
of the output signal. 

An investigation of the available delay line revealed that 
type ROSU was satisfactory for fast delay circuits beceuse of its 
inherent time delay of 0.042 4 seconds per foot. Moreover, its high 
input impedance of 1000 ohms was desirable (Bla lij). The selection 
of RG65SU dictated the use of a 1000 ohm resistor in the cathode-fol- 
lower of the premplifler and an equivalent 1000 ohm input resistance 
in the amplifier. The RC equivalent circuit of the delay line served 
as a differentiating circuit. The literaturo indicated W.C. Xlmore!'s 
fast amplifier (El 49a,b) was nearly ideal for the amplifier (Fig, 4=3), 
The original Elmore circuit was used in the first four stages but a 
slight modification in the LC shunt and series peaking circuits of the 


fifth stage was reouired in order to drive a negative signal into the 
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coincidence circuit (Fig. A-4). In addition, the final stage was 
modified so thet a signal might be relayed to a sealing circuit for 
single channel counting, without affecting the output to tho coinci- 
dence circuit. 

To obtain coincidences, a conventionnl Kosei coincidence 
cireuit was conatructed (Yo 46), modified so the plate load of the 
input tubos was a single length of RO65U delay line. Both tubes of 
the coincidence circuit were conducting unless a signal from one of 
the preceding Tlmore amplifiers was capable of cutting off a tube, 
The signal from the plate circuit (Fig. Ali) of a coincidenee tube 
was impreseed upon the grid of a diseriuinator tube biased go only 
eimultaneous (+ 0.042 seconds) cutting off of both coincidence tubss 
caused an invut signal (to the discriminating tube) to exceed the 
negative bias voltage (-9.0 volts), which in turn allowed the dis- 
eriminating tube to fire. The negativo signal of the discriminating 
tube was led into the amplifier half of a 12AT7 twin triode tube and 
then into tho cathode-follower half of the same tube, which drove the 
eoincidence scaler. 

The gamma ray apparatus precading the coincidence circuit 
was identical to that of the neutron ctreuit except that a 5819 RCA 
photomultiplier with attached anthracene crystal was used as a nein- 
tillation counter (Fig. 4-2). & conventional photomulticlier ctage 
with 1200 volt invut and 79 volt notential between dynodes was used. 
This stage led directly to the preamplifier. 

Figure A-5 is the complete block diagram of the electronic 
equipment, 

Extensive use of by-pass condensers, germanium rectifiers, 


and approved construction techniques involving short shielded leads 
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produced duplicate basic circuits having inherent riso times of 

< 0.05 useconůs. Moreover, the prenm lifiere and emslifiert vere 
cepable of = gain of ~ T50, while the outmut of the coincidence 
circuit (discriminating tube end driving twin triode included) gave 
an over-all guin of adout one-third. 

4 Gelger-Nueller tube was used for the detection of gama 
rays when the fast neutron counting rate cf the scintillation count- 
er was considered apreciable. 

The construction and testing of the above equipment was a 
joint project initiated and completed by Y,D. Baker, 2.9. Nowell, and 
the author, and a complete description of the acnaratus, together with 
operational curvec, circuit analysis, and other data have been presente 


eå in the thesis by Baker and Howell (Ba 50). 


kefeller Generator 





This machine hag been modified to provide protons and deu- 
terons of energies varying from about 1-5 Mev ao bombarding perticles 
for nuclesr reactions. The bean is vertically nccolersted through on 
8 foot tube into a deflection chamber, whare it is bent to a horizon 
tal direction hy an analyzing tamet. Energy control of tha nuclear 
missiles is provided by manual control offthe magnet current. Adjust- 
ment of the entrance and exit elite gives enorgy resolution of about 
0.16. In the near future, a proton resonance magnetic circuit will 
be available (Had 49), (Mo 4óa,b), (Pa Ng). Corona eurrent provides 
voltage control by varying the spray current. The particle energy le 
expressed in terms of the generating voltmeter rosdings. Seam current 


ary be reed cirectly from the target uy means of a sensitive micro- 
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microammeter, or ean be integrated and recorded directly in miero- 
coulomba by an electronic bean current integrator. Roth statioanry 
and rotating targets may be used. From visual observation, at the 
target, the beam has a cross section of approximately 5 m x i mm. 
It should be noted that at the present time (May 1950), dependable 
operation of the Rockefeller Generator has not been attained for 
proton energies greater than 3.96 Mey. 

One calibration point was provided by tho 

na! + p —9 (2.5) Be! +n + 2 

reaction with a threshold of 1.582 Mev (ite 49) for a generating volt- 
meter setting of 40.5 (Wi 50). Using the same nuclear reaction but 
with singly ionized molecular hydrogen as a bombarding particle, 


rm 


LA « g* —9 (299) + -Běl ++ 


2 
(1.0., passing theo mass "two" beam of hydrogen ions through the mase 
"one" slits), a cenerating voltmeter reading of 82.0 for the 3.764 xev 
threshold was obtained. 

Another calibration point was obtained when preliminary in 
vestigations using a potassium cyanide target with enriched gh} showed 
that the 3.236 Mev threshold of the 

02’ + p — 3 *n (Ri 50) 
reaction occurred at a voltmeter setting of 70.8. (This experiment 
will be described in Chapter IV.) 

The calibration curve (Fig. II-l) obtained from these three 
points was of sufficient accuracy to allow energy readings to the linit 
of the actual gensrating voltmeter (i.e., + 10 Kev). The generating 
voltmeter readings were rend with a 100 AM aupere, five inch, one hun- 


dred graduation, fan type, l% accurate microamneter, An operator 
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reading this meter could maintain projectile energies within a + 10 
Kev reading, since the calibration of the microammeter was approxi- 
mately 47 Kev ver graduation. 


TABLE I1-1 


PARGTT LOCATION OF THE ROCXEFKLLER GENXRATOR 


Distance from concrato floor 122 cm. 
" " wooden roof 1€% cu. 
8 " ovorheaád steel I-beam 147 em. 
" " right wall (concrete) 237 om. (looking into the beam) 
" Y front wall (concrete) 365 em. 


" " 74 em. stationary terget 
meget 105 em. rotating target 


Electronic recording equicment on the left of the target, at an average 
distance of approximately 125 cm. fron the target, was the background 
determining factor rather than the left wall at a distance of nporoxi- 


mately 70 em. 


) Yarious Targets 


Five different targety ware used during this experiment, The 
individual preparation of each target will be described in the section 
in Chapter IV perteining to the actual experiment. The phyeicnl char 


acteristics of the varioue targets are tabulated below for information, 
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TABLX I1-2 
TARG*T DATA 
1. Pure carbon - pressed and rolled graphite — etationary tyre 
target 


100% earbon: o 984071 pi 50) 
c'^ 1108 + 


Obtained from Carbide and Carbon Company 
Total impurities lese than one part in a million (Bu 50) 
2. Tantalum metal - rotating type target 
sheet tantalum =- regular finish wnealed - select cuality 
approximately 0.350 KG for sheet O.O10" x 3" x 10" 


Chemical analysis of 7 April 1950 (Sp 50): 


Ta 99.9% 
Fe 0.03% (maximum) 
C 0.036 (maximum) 


Obtained from Yansteel Metallurgical Corporation 


FUC Invoice j25.18290 


3. Ordinary potassium cyanide - rotating type target 
assay minimum 95% KCN 


chlor ide( (C21) 0.75% 
ferrocyanide (Ye(CN)-) 0.2% 
sulfate (SO, ) 0.01% 
aulfide (5) 0.003% 
eodium (Na) about 0.1% 


heavy metals (Cu, Pb) about 0.001% 


Obtained from Merek Company KOUIE 


4, Potassium metal - rotating type target 
technical grade 


Ee 6.91 + 0.08% (vi 50) 
M 0.01119 + .0001% 
K7) 93.084 


Obtained fron Mallinxrodt Chemical Works 
Accession Gi "bh H 
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5. Enriched potarrim eyanide - rotatinz tyre target 


grams XCX (82,01) 1.01 
grams KON (1001), BA 
atom per cent C e 

grams Cl) excess 0.10 


Obtained fron Eastman Kodak Company, R-2297-0, 4295570 


Various Detectors 





The neutron counter wag »n enriched boron trifluoríde pro- 
portíonal counter (!k2 od 25 $951) manufectured by the Radiation 


Counter Laboratories, 


TABLE 11-3 
oF, COUNTER DATA 
outside dlauoter l in. 
wall thickness 0.042 in., brass 
filling 55 em. Ng of 96% enriched BY, 
operating voltage 2200 v. 
canter wire 2 mil tungsten 


active volume length 10 in. 


The counter was inserted ia one of two paraffin cylindera n- 
eased in cadmium similsr in appearance and in physical disensions to 
thè paraffin cylinder of a conventional long countor (Han 47), except 
that no holes were provided in the face of thes paraffin as described 
in the reference, 
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Cylinder ^ Cylinder B 


outer diameter 18.0 em. 20.0 em. 
inner diameter 3.5 om. 3.2 om. 
length &t outer úlamoter 51.0 m. 30.8 om. 


length of liner 
(v.@ inner dismeter) 51.0 em. 49,8 en, 


(Cylinder B wav a right cylinder, excent that the 
liner protruded beyond the cylinder base.) 


The scintillation counter was a RCA type 5819 pyhotomlti- 
plier tube (RCA 49) with an anthracene crystal roughly thirteen 
square centinstere in area and aprroximately fifteen millimeters 
thick. 

The Geiger-Yueller Counter was a 1325 Thyrode Counter tube 


manufactured by the Victoreen Instrument Company (Yi ho), 


TABLE 11-5 
G.M. COUSTER DATA 


outside Alameter 51/64 in. 
wall thickness 30 ngj on" aluninum 
active volume length 2.75 in. 


onerating voltage T90 v. 
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ratings Characteristics 


Tests of the individual circuits were made by parallelling 
the grids of the coincidence tubes and disconnecting the circuit not 
in use (Fig. U). The discriminator of the coincidence scaler was 
varied and the nunber of coincidences was recorded. 

A one millicurie Ra source was used with the scintillation 
counter circuit. A stable operating vlatenu from twenty to sixty on 
the discriminator resulted (Fig. II-2). Similarly, & 216 mg Po-Be 
source was used with the neutron eireuit and a stabie operetinc pla 
teau from twenty to sixty on the discrininator vas obtained (Fig. 
11-3). Consecuently diaerininator settings of forty were used through- 


out the experiment. 
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20 40 60 go 
Discriminator Setting 

Voltage Characteristic of the 
Scintillation Counter Circuit. 


20 4 60 
Discriminator Setting 
Voltage Characteristic of the 

Neutron Counter Circuit, 
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CHAPTER III 
EXPERIMENTAL PROCEDURE 


In all cases, the long counter was placed at an angle of 
zero degrees from the naint of proton impact upon the target, but 
the gamma ray counter was placed at varying angles, in such a manner 
that there would be no interference with the long counter. 

The Rockefeller Generator was started and readings of the 
eimultaneous neutron and gamma counts were taken for a given change 
in charge units as indicated by the beam current integretor, while 
the proton energy, as indicated on the generating voltmeter, was 
held constant. This procedure was repeated at desired proton ener- 
gies. Standard operating procedure was to take readings as the 
voltage was increased and then to repeat those reedings coming down 
in voltage to verify the data. Since the ability to read the gem 
erating voltmeter was greater than its inherent accuracy, this manner 
of taking data was satisfactory. 

During all rune, the slapsed time was noted, as well as 
the absolute time. This was essential since the determination of 
the half life of F’ obtained from the C (p,a) N? ana O la ni? 
reactions was desired. 

In general, a beam current of sprroxímately five-cevenths 
of a microampere was maintained throughout all runs. 


Except when the tantalim and potassium targets were used, 
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E nd 


the readings beyond threshold bai = ctotistical accuracy of $ 1%. 
The counting rates with tantalum and potassium were very low and a 
statistical accuracy of £ 5% was accented. 

In all cases, detecting ecuipment was placed in the hori- 
zontal plane of the target. The instrument positions are given on 


the individual drawings. 
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CHAPTER IV 


EXPERIMENTAL RESULTS 


Thick Carbon Target 


The thick target was obtained from a piece of a rolled and 
pressed graphite rod, cue inch in diameter, machined to nine-sivteenths 
of an inch and cut into a disk three-eighths of an inch thick. The 
carbon was inserted into a stationary target, using a piece of 10 mil 
tantalum sheeting as a backing. No adhesive was necessary because 
the thickness of the disk provided the required stability. The car- 
bon used «as pure graphite to one port in a million (Bu 50). 

The plot of the neutron counts per microcoulomb for this 
thick target, Figure IV-l, showed a negligible background, undisturbed 
until the threshold we reaction vieidine neutrons occurred at a gen- 
erating voltmeter setting of [1.2, with an excitation energy of spprox- 
imately 3.26 Mev + 1%. Previous experimenters have shown that when 
ordinary carbon is bombarded with protons, cii is the isotope respon 
sible for the neutron yielà (Hax lOa,b). 


Using the equation for the determination of the 2 value of a 


reaction, 
A, A 2(A, A, x, x, ) !/? 
q»3,0 «2 .x 0-5. ar cos A; (Ev 47) 
3 3 3 
where 
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Agr Agi Ags Aga Ay = 


E., E 
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E, = 
) 
ro.» 


and Mp» l' 


= 


and knowing that at threshold, Y, 


fication results: 


Q = -E (1 - =) ° 


7 
A 
Substituting the proper values from 


ARNT resection, 


Q ~ -3.01 Mev + 1%. 


nase number of target, comround, 
projectile, product, and residue 
nuclei respectively; 


kinetic energy of projectile, 
product, and residua nuclei ree 
spectively; 


= exact masses of target, projec- 


tite, product, and residue nu- 
clei respectively; 


O and @ = 0°, the following simpli- 


the experimental evidence of the 


This result was a satisfactory corroboration of the reaction 


Q value of -2.987 Mev + 0.1% calculated from the 3.236 Mev + 0.1% 


threshold reported by Richards and Smith for the reaction (Ri 50). 


Further verification that 


the neutrons actually resulted from 


the 673 (p, n) 0? reaction was obtained when the generating voltage of 


the Rockefeller Generator was returned to zero at the end of the run, 


and the activity of the thick target, as detected by a Gelger-Mueller 


Counter, was observe?. 


The semi-log plot, Figure IV~2, gave a half-life 


of 12 + 2 minutes compared to the accepted N’- half-life of 9.93 + 0.03 


minutes (Wa 39). eh Ate, nii? is the sole reaction involving the thick 


target constituents which yields an 


megnitude,(Se 48). 


activity with a half-life of this 


The gamma ray curve, on the other hand, indicated a continuous 


719. 
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rise in activity witt proton energy, with no resonances or other sige 
nificant features. This gamma ray yield, Figure 1Y.3, can be attrib- 
uted to the Cl^(p,U )w! ana ci ?(o, Y ju!" reactions (Coc 3%, (Ro 38), 
(Bai 42), and to the gamma ray background caused by protons impinging 
upon portions of the generator, or upon the grease in the vacuus sys- 
tem which may have been collected on the various slits or have been de- 
porited on the target during the bombardment. The minimum stable oper- 
ating energy of 1 Mev prevented observation of the level for gamma ray 


emission occurring at a proton energy of 0.554 + 2 Mev (Fo 49). 


Tantalum Target 


Anew, clean tantalum backing plate was used as a rotating 
target and the resulting neutron and gamma ray yields were obtained, 
to show that the effects obtained with the thick carbon target could 
not be attributed to the tantalum backing. 

The plot of the neutron counts, Figure IV-h, showed that a 
very low background rate was obtained until a generating voltreter 
*é$ting of avproxirstely 71.5 was reached, giving an excitation energy 
of 3.27 Mev + 1%. Beyond this point the neutron counts increased mark- 
edly. 

The resultant activity war negligible compared to that ob- 
tained from the thick carbon target, ae further substantiated by the 
fruitless attempts to measure x activity. Since the tantalum used 
was mill grade metal with a maximum of 0.03% carbon (Sp 50), the rise 
in the exceedingly small tantalum background was attributed to the el: 
in the tentalum and to the effects of carbon from the grease in the 
vacuum system, 


A 












ae as $22 oom | Ortes mdr Mir i6 A MIS 
Alan FÉ wmm Eë 8" QU npn ni. 
TR TT ee a ICE a «dat 
nie were tě ae. c "ta c «7% o? Qus (sd tak) 
2.25 nm EM 1 M MN — ep ` CT 
mh pam "eer qe rudi reien and smal ffe. 
eg sie eit Y ¡is e rift tu) ort 


“u. mě of Tete] aed Qe 44e ado. t 1 De Qo ees 





10 gi eer: e le MATOS 9 


PIRINI è m 81 kee Én tal" e ki gslt seg A 
ditate eter sf ir Os om Fo CM) náš Leno mi, ham. 
Geen demas muss day ee et ae Fr 
A zc ran? za? na beine nl a 

= iadt ia AT um ETE. 4 
an... wien 4 Lidem bere. sm tet Tm val m 
man miei ben dose boe (A7 platislirims jo sait 
tom — me mip taiog etdi aee Dus vt (n 













-Pe bed? dà hero edil zen cHirirss düatlsse o wit 
a. init emie" & oa andes i) ot aot 
Moos wlan what puras Ls eng 61 ae aroti 
ef et (08 ot) ete DADA do aan a eriy Layos aisat | 
Uo. esie Od jeté Fun pe Bonten mirus? Lise oft NAM a ‘ 


wur al asara sët ment Rome: UD We ar ar Amt wre ach 
IO a 








IS- 


r 


6.M.Tube 
Ge — i 


em 


3 po 18cm 
Target i 


not to scale. 


Gamma Ray Yield from the 
Thick , Pure Carbon Target. 


Fug IF -3. 





60 64 8 6 
Generating Voltmeter. 


-22- 


80 


320 


240 


/60 


Gamma Ray Counts per microcoulomd x 3.1 








The evrre cf ths gamma ray counts, Figure i1Y-5, aguln wes 
£555th and of very negligible proportions, yielcirg only information 
of a negative nature, 1.0., thet there was no proton-gesuaü.ray roó&c- 
tion from tantalum. These observations corrooorate and extend the 
observations of Taschok and Hemmenijinger, narely, that no activity 
of any kind was induced in tantalum with protons of energies up to 


the marimun (3.965 Mev) (Ta 48). 


Unenriched Potassium Cyanide Target 





A thin layer of potassium cyanide was evaporated in vacuo 
upon the tantalum backing of a rotating target. A very thin layer 
of gold was deposited aton the cyanide to prevent velitilization and 
resultant contamination of the Rockofeller Generator. 

The completed unenriched notassium cyanide tarzet was placed 
upon the rotating terget section of the generator and the appropriate 
readings were taken. 

The neutron count - proton ensrey curve was smooth (Fisure 
17-6), showing that the thin layers of ordinary potassium cyanide and 
gold had no appreciable neutroa yield and exhibited no resonances, 

Attempts to ascertain tha presence of ei? activity from tha 
unenriched target were fruitless. 

The gamma ray curve, Figure IY-7, again was a amooth curvo 
being devoid of information concerning a posstble proton=gamna..ray 
reaction. 

To insure that the above results were oorrect, the experi- 
ment was rereated at a later date using the same target, and the re- 


sults obtained duplicated the previous information and curves. In 
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edAition, 2 seennd target was praensrei An tho cere mannar ae before, 
which eave the same results described shove, 

Richards and Smith have renorted a low neutron intensity from 
the ite n) cst reaction with a thresholi of 1.25 + .06 Mev (Ri X8), 
The gamma ray background sand the technínues uead in this erperiment 


prevented verification efRicharda! data. 


Fotaesium Target 


A new electrically heated ceramic oven was placed within the 
target section of the generator. A small piece of potassium metal was 
put inside the oven and the target section was sealed and pumpeà down 
to vacuum. Heating the oven, using 7 volts AC for five minutes and 10 
volts AC for five minutes, resulted in a thin, but plainly visible, 
layer of potassium upon the tantalum backing. 

As shown by Fignre IV-ó, the neutron yield from the potassium 
could not be distinguished from background at low proton energies. The 
slight activity detected at higher energies exhibited the same thresh- 
old as those of the thick carbon and tantalum targets. Thus the minute 
amount of ei: present was responsible for the yielá obtained. Richards! 
x5, n) cat reaction was undetected (Ri 46), 

The gamma ray curve, Figure 1V-8a, was of negligible propor- 
tions and the slight activity detected was attributed to the encroach- 


ment of the proton beam upon the grease and the generator slits. 


Enriched Potassium Cyanide Target 


Having shown that the tantalum backing, potassium, and the 


gold and nitrogen of potassium cyanide target could not cause the re- 
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action obtained from the thick pure carbon, potassium cyanide enriched 
with sixty-two per cent el? then vas used. The rotsting target vas 
prepared, with the final anti-volitilization layer of pure gold, using 
the technique which had been described in the section concerning the 
unenriched potassium cyan“de target. 

As before, the target was placed upon the target section of 
the generator and readings wore taken. As shown by Figure IV-9, no- 
thing untoward occurred until the generating voltmeter reached 70.8, 
at which point the neutron yield rose immediately to a very sharp peak 
with an amplitude approximately two and a half times that of the back- 
ground. With an increased voltmeter setting, the neutron yield de. 
creased and then increased agaln to a peak at a voltmeter setting of 
62. <A further increase of the proton energy resulted in a second dip. 
The voltage limitations of the machine at that time (March 1950) pre- 
cluded investigations beyond a voltmeter setting of 84, equivalent to 
a proton energy of 3.86 Mev + 1%. 

The sharp rise at 70.8 was the threshold of the e te, ail? 
reaction, forecast by the results of the thick carbon experiment.  Ac- 
cording to Richards and Smith, the reaction threshold occurred at 
3.236 Mev + 1%, which in turn gave a Q value of -2.987 Nev + 1% (R1 50). 

The only calibration points for the Rockefeller Generator ob- 


tained, prior to March 1950, were the following: 


Reaction Threshold Energy Voltmeter 
14! (p,n) Be! 1.882 Mev (He 49) 40.5 
L1! (81*;n, 81) ne! 3.764 Mev 82 


A voltmeter setting of 70.8, using these two points and in- 


-A 











el Gta el red — — un sat A ti Së eu As 


iua bpa wiae ge "i TETE ké d 


> Jans ves red mig be 
win „blbě sas Te teed rt MEME ul 
ad eben mias ed s) bee ties sem roi atlas meee a 
ep Me m T Pete ez bn RE 

Ds ld ON MU U.3 2 —- SM 
e IL um a ve os) xm am all hm 15^ coe dali 
DOE eee ed [6T xi ere nád Ilias horrena Sweetie tui 
lena onn oer on Rebum! omn blany cd ee de A M 
et MN UE fede Thad pm — — shor) Lo an DNE 
— Ad) GRAF. TE t iprr beset— ap Ale Jawa 
"6 rte Triestie A ge dëng ^ té lens tener! cay die See 
AS reos & si befier Dus fou of) Le — sar bar de E 
— (OPEL AUX) exi Gei fa wë, ag to oe; =the aff 
i eee ee te | 
saw it over tee 

vw E e pg iy dabas si am L Of w el a em 
— sodara del al Vo dimer oat ye danset „mitais 
lo imema Dartit malte: ell 9 tech ham Aragett at 146169 
WARD RLS ee A a d 7 rem isl 62 dalde Eia r Br? 

ln A ion ati dao yir sd" 


ipisna? aor e. ¿CEL As ps ander Anal 








51 © 
mila Sima birra le" 
2.04 Lei ei ve e TT 
va Art toas boa | 
A op wüchéy pa aer at ¿LOT he ee to è | ` 


IC 


Long Counter 
not To scale. 


e Target | 


Se A 


x 
- 


M x 


Fig. 7-9 


Neutron Counts from 


Enriched KCN. 


(60-62% enriched in ci ) 


x Runi. JOMar. 1950. 
e Rung. 7 May [9 So. 


ze 76 80 
Generating Voltmeter 


-30- 


44 


AUR 
x 
O 
E 
9 
P | 
Ü 
Q 
= 
INE 
d 
Le 
Se 
C 
3 
o 
C 
o 
2.0|£ 
2 
2 
| 
& 
Q, | 
EN 
O! 
GA 
Mi 12 
84 ^^ 88 


tsrpolating, assuning linearity, was equivalent to 3.25¢ Mev * 1$, vith 
a threshold 9 value of -3.00, Mev + 14. The resultant discrepancy was 
less than the one per cent accuracy of the generating voltmeter, and 
since the threshold vas sharp, the threshold value of 3.236 Mev for the 
e NS reaction was accepted, giving another calibration point at 
a voltmeter setting of 70.8, The linearity of the calibration curve, 
Figure II-1, permitted extrapolation veyond the calibration points. 

Repeating the experiment some two months after the first ex- 
ploratory run (i.e., in May 1950), it was found that the curve of neut- 
ron counts versus proton energy was reproducible, with the threshold 
again at 70.8 and with a peak again at 82. However, cereful attention 
to the internal pressure in the generator had extended. the limit of 
observations to a voltmeter setting of 86, ecuivalent to a proton en- 
ergy of 3.96 Mev + 1%. In this new region of investigation, the trough 
after the second peak was defined and then a sharp rise, as if to a 
third peak. The second peak occurring at a generating voltmeter set- 
ting of 82 (which coincided with the calibration point for 3.764 Mev + 
1%) was caused by the first level in the excited nucleus of sii avail- 
able from the ek Ate, nii? reaction. 

The accepted value of the masses of the resultant particles 
were used to find the energy state of („13 + n) in relation to the 


ground state of elt AA 


x1? = 13.00988 amu (Cor 47) 

n - 1.00898 (Ev 48, Pg. 1-33) 
14.01886 

si) = 14.00751 (Cor 47) 

A mass = 0.01135 amu 
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Convarted to enerey using the mass-cnerry relationehip of 
931.1 Mev per atomic mass unit (Ev 45, Pc. 1-30), it was found that 
(x43 +n) had a value of 10.57 Mev above the ji^ ground level. 

To find the energy level of (gy, the following relation- 


hip was used: 


E0g13 + ny * En * Eu" - 


The neutron energy, CR was determined from MeKibben' s formula where 


MM 


| ia] 16) 
LAA Por mA» A Me 
B j (M «M? i 2 


whore 
My» Mos My, = mass of incident, target, and residuel 
nuclei; 
Ey» " = kinetic energy of incident and resulting 
particles respectively; 
Q = reaction Q value; 
Zeige = 19.57 + 0.47 = 10.04 Mev + 19; 


which is in agreement with the value of 10.05 Mev given by Hornyak and 
Lauritsen for the first energy level in sii which could be excited by 
the el Ate, air)? reaction (Eo 48). This sharp resonance at 3.764 Mev + 
1% hed a width at half resonance of 45 + 20 Kev, corroborating the val- 
ue of 60 Kev reported by Bailey et al. (Bai 42), 

The linitations of the machine precluded proton energies er- 
ceeding 3.96 Mev. As shown by the curve, Figure IV-9, the neutron 
ylelá was rising rapidly at this maximum attainable energy. Bennett 
et al. (Ben 41) have shown that an excited level in sii existe at 11.26 
Mey (Ho 43). Assuming that the activity at the width at half resonance 


of the second resonant peak was equal to that of the first resonant 
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peak with a wicth for this level of 55 + 20 Kev, aná using Figure 11-9, 
it was found that the second resonance peak would oceur at 86.25 with 
& preton energy of 3.96, Mev + 1%. MeKibben!s formula (Me 46) gave a 


neutron energy = = 0.64 Mov, indicating a level in yi at 11.21 Mev + 


34. Hornyak and Lauritsen gave 11.26 Mev for the second level in li 
possibly available from the ek Ate, aigi? reaction, Figure IV-10 (Ho 48). 
The assumption of 55 Kev level width was made using Bailey's values of 
the 60 Kev and 50 Kev for the adjacent levels for neutron emission from 
the Ae an) reaction (Bai 42), 

The narrow half-width of the first peak obtained by use of 
the enriched cyanide target indicated that the target thickness was 
< 15 + 20 Kev. Attempts to maintain a constant bombardment of the 
target at these high energies were of no avail and no y? activity 
could be detected from the thin target after the runs. 

The gamma ray yieid, Figure IV-11, obtained from this target 
was a smooth curve rising continuously with proton energy, as was the 
case with the thick carbon target, exhibiting no resonances or other 
significant features. Bennett et al. have reported resonances for ga 
ma ray emission fron the (an)? reaction corresponding to ab“ 
levels at 11.05 and 11.26 Mev (Ben !1). No such resonances were found 


from the el Ate ng? reaction. 
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CHAPTER V 


CORRECTIONS TO THE EXPERIMENTAL DATA 


The method of investigation pursued was to obtain a thresh- 
old measurement using the pure carbon target and, with that knowledge, 
to determine the background effect of the constituents used in the 
ordinary potassium cyanide target together with the gold protective 
casing and tantalum backing, prior to using the enriched potassium 
cyanide target. 

The results of the latter investigations produced no vexs- 
tious or startling results, and it was not necessary to avply correc 
tions to the neutron data obtained during the enriched potassium 
cyanide run. 

The same course of investigation was pursued and the same 
conclusion was reached in the case of the gamma ray yield. 

Background was troublesome for low intensity beams of 
< $ Aampere giving slight indications of a background directly 
proportional to the elapsed time of the run. Attempts to evaluate 
the time function by varying beam intensity for a given voltmeter 
setting vere made. Removal of all radioactive sources, and leakage 
and non-linearity tests of the beam current integrator eliminated 


possible explanations of this phenomenon. 
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SUMMARY 





Resonances for Neutron Emission 


The dita from the thie csrbon target shoved that the neute 


rons resulted from the 
hw 
ci. 2 (xL) — eee Q, 


reaction, since the Q value of -3.01 Mev + 1% obtained correborated 
the accented value of -2.°5 + 0.1% Ri 50), and the half-life of the 
resultant activity aprroached thet of 90.975 +C.03 minutes revorted 
by Ward (Wa 50). 

A etudy of the neutron yield from plain tantalum verified 
and extended @aschek's and Hemmendinger!s conclusion concerning the 
absence of activity from rroton induced reactions with protons of 
energies to a marimun of 3.96 Mew (Ta 42), However, there was a def- 
inite indication of carbon contamination in the tentelum since the 
—B threshola was detected by this reaction. 

Data obtained from ordinary potassium cyanide covered with 
a thin layer of gold indicated that no significent neutron emission 
occurred from the target. 

The plain potassium target failed to show the neutron act- 
ivity reported by Richards and Smith (Ri 50). Carbon contamination 


again was evident. 
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Using enriched potassium cyanide (60-62% ci^, appreciable 
neutron emission was detected. Since the possibility of such a yield 
from all constituents of the cyanide other tnan cr was eliminated, 
the neutron activity was attributed to the EC RAT RE reaction. The 
threshold obtained, confirmed that found by Richards (Ri 50). A lev- 
el in oh" at 11.04 Mev + 1% and a strong indication of a level at 


11.21 Mev + 3% were found. 


TABLE VI-1 


Comparison of el Ate, aigl/ Data 
with the Literature 


Threshold Experimental Literature 
X 3.256 Mev + 1% 3.236 Mev + 0.1% 
P (Ri 50) 
Q -3.00g Mev + 14 -2.987 Mev + 0,1% 


» 
A comparison of the a levels follows, on the next page. 
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TABLE VI-2 


at" Levele Above the Ground State 
from el (p, n) x3? from 0+ (ayn) xP? 

Level Value 11.04 Mev + 14 11.05 Mev (Ho 8) 
Width 45 + 20 Kev 60 Kev (Bas 2) 
Projectile Inergy A 3.76, Mev + 1% Ba 0.92 Mev (Bon 4Ob) 
Level Value 11.21 Mev + 3% 11.26 Mev (Ho 48) 
ff ff — 
Projectile Energy £ 3.96, + 1% E, 1.16 Mer (Bon 4Ob) 


There are definite indications that the resonance level for 
neutron emisslon at a deuteron energy of 1.16 Mev from the ca a) n? 
reaction reported by Bonnor et al. (Bon 4Ob), which was east into doubt 
by Bailey et al. in 1948 (Bai 13), does exist for the reaction, 
— 

Às shown by the above tables, the first two levels in až“ 
are eouaily available to the ek ite, aigi/ and elëta aigi? reactions. 
Thus the validity of the theoreticist's hypothesis (Br 36), (Boh 36), 
(Bet 37), (Bet 47), concerning the invariance of energy levels in a 
nuclide, regardless of the manner by which the nuclide is formed, pro- 
vided the nuclear selection rules are not violated, is verified for 


14 


these two levels in N” . 


Lifetimes of the 14,* Levels 





An estimate may be obtained of the time the compound nucleus 
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» 
(ab exists prior to neutron emission, using the uncertainty rele 


tionship, 
h à 
Az At = Z7 (Ev 48, Pg. I-117) 
Axe us ue! 
1.6 x 107“ A E(Mev) 
giving 


At, Lë 1079 sec, 


* 
An estimate of the lifetime of the (a state can be made 


from the relation, 


Ar = 2R ; (Boh 36) 


where R le the nuclear radius of m" 1.5 x 10? E cn. = 


3.6 x T wé cm., and v 1s the neutron velocity = [Za en/sec., where 


m 
n 


E, is the neutron energy from McXibben!s formula (Me 46), i.e., 


=l 3 
A Hau oh ~ SAS = 1.6 x 10722 sec. 


9.5 x 10 
The ratio of the lifetimes from the above calculations is 
E, = 
11.04 

This ratio is reasonable in view of the time required for energy exe 
change within the compound nucleus, postulated by the Bohr theory of 
the compound nucleus (Bo 36), although Bennett obtaining similar re- 
sults stated the possibility that the ratio might be attributed to a 


selection rule (Ben 41). 
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Gamma Yields 


The uninterssting results obtained by use of the Geiger- 
Mueller detector indicated an absence of resonanca phenomena, nlthouzh 
previous experiments (Bon 40a,b), (Ben 41), (R4 48), (Va 49), etc., 
had found definite indications of 6°(p,8)w> ana ch 3(p,8 ) xt” vonc- 
tions. <A more efficient counter and a more careful evaluation of the 
background existing in the generator target room is necessary prior to 
repeating the above experiments. On the basis of the results obtained, 
one could not state as to the possible existenco of levels in ah” 


from the £9. y^ reaction over the energy range studied. 


Suggestions for Further Work 


In the near future, it is expected that the maximum avail- 
able proton energies will be extended appreciably bevonad li Mev. It 
would ve informative to continue the investigation of the cl ep, an3 
reaction to higher energies, verifying the exact enerzy location of 
the second resonance anå of any higher resonances., A comparison of 
the levels of ah” with those found for the otlan) yt reaction 
would be of great interest. 

With increased stability of operation at these higher pro- 
ton energies, longer target bombardments would become practical, en 
abling a precise determination to be made of the vi? activity beyond 
each level. 

A more careful investigation of the gamma ray yields from 


the various targets would be of interest in order to confirm the 


op, 8 yt! reaction most recently reported by Fowler and Lauritsen 
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(Fo lie). Moreover, sny gamma ray reson&nce levels obtained could be 
compared with the levels for neutron emission yielding information 


concerning selection rules, etc., invoked by the respective processes. 
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APPENDIX I 


ELECTRONIC CIRCUIT DIAGRAMS 


"i Counter Preamplifier Circuit Diagram 
Scintillation Counter Preamplifier Circuit Diagram 
Fast Pulse Amplifier Circuit Diagram 

Coincidence Circuit Diagran 


Block Diagram of the Complete Coincidence Counting System 
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FIG A-2 SCINTILLATION COUNTER PREAMPLIFIER 
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COINCIDENCE CIRCUIT 
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